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Description 
METHOD OF FORMING BARRIER LAYER 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates to a method of forming a 
barrier layer, and more particularly, to a method, which 
includes an examination procedure and a rework proce- 
dure, to form the barrier layer effectively and economi- 
cally. 

[0003] 2. Description of the Prior Art 

[0004] Particles are nearly inevitable in semiconductor processes 
due to many reasons. These particles influence the elec- 
trical property of semiconductor elements formed in 
wafers. If the electrical property is not acceptable, an en- 
tire batch of wafers must be discarded. This indeed in- 
creases the production cost of semiconductor compo- 
nents. Normally, a wet etching process or a liquid type 
scrubber machine is adopted for removing the particles. 
However, these methods only remove the particles that 



adhere to the surface of the wafer. Once the particles are 
formed with the film during the deposition process or if 
the particles exist on the surface of the film formed previ- 
ously, these methods fail to get rid of the particles. This 
seriously affects the yield of semiconductor processes. 
[0005] | n addition, as the critical dimension reduces while the 
component integrity improves in semiconductor pro- 
cesses, physical vapor deposition (PVD) technologies, such 
as evaporation or sputtering, are no longer available to 
fulfill the requirements of the modern semiconductor pro- 
cesses, especially when the critical dimension is less or 
the aspect ratio is higher. Therefore, for obtaining a better 
step coverage, the chemical vapor deposition (CVD) tech- 
nology is normally adopted to form a thin film with a bet- 
ter shape. 

[0006] Though a film with better step coverage is easy to be ob- 
tained by CVD technology, particles tend to occur in the 
film made by CVD process due to some inevitable rea- 
sons, such as gas phase nucleation phenomenon or peel- 
ings from the inner walls of reactor. For illustrating the 
cause of particles and their influence to the electrical 
property of the barrier layer, a conventional deposition 
process of forming a barrier layer is shown as an example 



here. 

[0007] please refer to Fig.l and Fig. 2. Fig.l and Fig. 2 are 

schematic diagrams illustrating a conventional method of 
forming a barrier layer. As shown in Fig.l, first a substrate 
10 having at least a stacked gate structure 12 thereon is 
provided. The stacked gate structure 12 has a spacer 14 
disposed along the sidewalls of the stacked gate structure 
12. The substrate 10 further includes a drain doped re- 
gion 16 and the source doped region 18 on both sides of 
the stacked gate structure 12. Then a dielectric layer 20 is 
formed on the substrate 10, and a photoresist pattern 
(not shown) is employed as a hard mask to remove a por- 
tion of the dielectric layer 20 positioned on the drain 
doped region 16 for forming a plug hole 22. 

[0008] As shown in Fig. 2, a CVD process is performed to form a 
barrier layer 24 on the inner walls of the plug hole 22. The 
barrier layer 24 is generally composed of Ti/TiN for en- 
hancing the ohmic contact ability toward a bit line plug 
(not shown), which will be formed later. In addition, the 
barrier layer 24 is able to restrain metal atoms from dif- 
fusing. As described earlier, as long as the particles fall 
from the inner walls of the reactor or the gas phase nucle- 
ation phenomenon happens in the CVD process, particles 



26 appear on the surface of the barrier layer 24. 
[0009] Normally, an electrical property examination procedure is 
executed after interconnect processes. Those semicon- 
ductor components that fail to pass the examination pro- 
cedure always include more particles than other wafers. 
Since those semiconductor components are not service- 
able, to discard them seems to be the only solution. This 
seriously affects the production yield. Therefore, how to 
reduce the damage of particles is a key topic for study in 

the semiconductor industry. 
Summary of Invention 

[0010] it is therefore a primary objective of the present invention 
to provide a method of forming a barrier layer, which 
comprises an examination procedure and a rework proce- 
dure, for improving production yield. 

[0011] According to the claimed invention, a method of forming 
a barrier layer is disclosed. The method comprises provid- 
ing a substrate having at least a conducting layer, per- 
forming a CVD process to form a barrier layer onto the 
conducting layer, and performing an examination proce- 
dure. If particles are detected in the barrier layer, then a 
rework procedure is performed. The rework procedure 
comprises performing an etching process to remove the 



barrier layer that was originally formed, then scrubbing 
the substrate with a scrubber machine, rinsing the surface 
of the substrate with a cleaning solution, and performing 
another CVD process to form a new barrier layer onto the 
surface of the conducting layer. 

[0012] | t j S an advantage of the present invention that an exami- 
nation procedure is executed after the barrier layer is 
formed. As long as particles are detected, the original 
barrier layer is removed and another barrier layer is then 
formed on the conducting layer. Instead of discarding the 
semiconductor components having poor electrical prop- 
erty, a new barrier layer is reformed onto the conducting 
layer. Consequently, the yield is effectively improved. 

[0013] These and other objects of the present invention will be 

apparent to those of ordinary skill in the art after having 

read the following detailed description of the preferred 

embodiment that is illustrated in the various figures and 

drawings. 
Brief Description of Drawings 

[0014] pig.l and Fig. 2 are schematic diagrams illustrating a con- 
ventional method of forming a barrier layer. 

[0015] pig. 3 to Fig. 6 are schematic diagrams illustrating a 

method of forming a barrier layer according a preferred 



embodiment of the present invention. 

[0016] pig. 7 is a flow chart of a method of forming a barrier layer 

according to the present invention. 
Detailed Description 

[0017] For clearly demonstrating the present invention, a barrier 
layer process followed by a bit line plug process is taken 
as an example herein. Please refer to Fig. 3 to Fig. 6, which 
are schematic diagrams of forming a barrier layer accord- 
ing to a preferred embodiment of the present invention. 
As shown in Fig. 3, first a substrate 50 having at least a 
stacked gate structure 52 thereon is provided. Each 
stacked gate structure 52 is accompanied by a drain 
doped region 54 and a source doped region 56 in the 
substrate 50 alongside. In addition, each stacked gate 
structure 52 includes a cap layer 58 on the top, and a 
spacer 60 disposed along the sidewalls of the stacked 
gate structure 52. The cap layer 58, generally composed 
of silicon nitride, is provided for preventing a short circuit 
problem during following processes. 

[0018] Then, a dielectric layer 62 is formed onto the substrate 
50. A photoresist pattern (not shown), functioning as a 
hard mask, is formed onto the dielectric layer 62 to re- 
move a portion of the dielectric layer 62 for forming a 



contact hole (not shown). Following that, a polysilicon 
layer 64 is deposited into the contact hole (not shown), 
and a silicide layer 66 is formed in the surface of the 
polysilicon layer 64. The polysilicon layer 64 serves as a 
landing pad, while the silicide layer 66 is provided for im- 
proving the conductivity between the polysilicon layer 64 
and a barrier layer that will be formed later. For example, 
in this embodiment cobalt (Co) or cobaltic compounds are 
used to react with the polysilicon layer 64 for forming 
cobalt silicide (CoSi) as the silicide layer 66. 
[0019] As shown in Fig. 4, another dielectric layer 68 is deposited 
onto the dielectric layer 62 and the silicide layer 66. Then 
a photoresist pattern (not shown), which functions as a 
hard mask, is formed on the dielectric layer 68 to remove 
a portion of the dielectric layer 68 for forming a plug hole 
69, and the photoresist pattern (not shown) is removed 
shortly thereafter. Following that, a CVD process is per- 
formed to form aTi/TiN film 70, which serves as a barrier 
layer, onto the surface of the silicide layer 66 and the di- 
electric layer 68. The method of forming the Ti/TiN film 
70 includes the following steps. First, aTi film (not 
shown) is formed onto the surface of the silicide layer 66 
and the dielectric layer 68 by reacting TiCI and hydrogen 



(H 2 ) in high temperature. Then NH 3 gas is introduced to 
react with the Ti film (not shown) in high temperature to 
form a TiN film (not shown). As described, once large par- 
ticles appear, the electrical property of semiconductor 
components will be deeply influenced. As a result, an ex- 
amination procedure is executed with an electron micro- 
scope to detect whether the Ti/TiN film 70 contains too 
many or too large particles 72, and to contrast with a 
database forjudging if the particles 72 deteriorate the 
electrical property. If the particles 72 are critical, then a 
rework procedure is performed to remove the Ti/TiN film 
70 and the particles 72, and to reform another Ti/TiN film 
(not shown). 

[0020] The rework procedure begins by a wet etching process, 

and the particles 72 and the Ti/TiN film 70 are removed in 
the wet etching process. In a preferred embodiment of the 
present invention, an etching solution composed of phos- 
phoric acid (H 3 P0 4 ), nitric acid (HNC> 3 ), acetic acid (CH 
3 COOH), and water (H 2 0) is used to remove the particles 
(not shown) and the Ti/TiN film (not shown). The pre- 
ferred ratio of phosphoric acid, nitric acid, acetic acid, and 
water is (38-41):(l-1.5):(1.8-2.1):(2.8-3.2), and the most 
preferable ratio of phosphoric acid, nitric acid, acetic acid, 



and water is 40:1:2:3. During the wet etching process, it 
takes about 1400 to 2000 seconds to completely remove 
the particles 72 and the Ti/TiN film 70.A scrubbing pro- 
cess is then performed by a scrubber machine (not shown) 
to remove remnant particles 72 on the surface of the sili- 
cide layer 66 and the dielectric layer 68. Following that, a 
sulfuric solution is used to rinse the surface of the silicide 
layer 66 and the dielectric layer 68 for further removing 
remnant particles 72. 

[0021] As shown in Fig. 5, another CVD process is carried out for 
forming another Ti/TiN film 74 onto the surface of the 
silicide layer 66 and the dielectric layer 68.As long as the 
new Ti/TiN film 74 is formed and succeeds in passing the 
examination procedure, following processes for forming 
the bit line plug will be implemented. 

[0022] a s shown in Fig. 6, a first metal layer (not shown)is de- 
posited onto the Ti/TiN film 74 to fill in the plug hole 69 
(refer to Fig. 5). Then a planarization process is performed 
to form a bit line plug 76. Afterward, a second metal layer 
(not shown) is deposited and a photoresist pattern (not 
shown) is used to remove a portion of the second metal 
layer (not shown) for forming a bit line 78. It is worth 
noticing that the bit line plug 76 and the bit line 78 can 



be formed simultaneously by performing an etching pro- 
cess if the bit line plug 76 and the bit line 78 comprise 
the same metal. In this embodiment, tungsten is the ma- 
terial of the bit line contact 76 and the bit line 78. How- 
ever, other materials, such as polysilicon, can also be ap- 
plied according to the electrical property requirement. 

[0023] | n summary, the present invention performs an examina- 
tion procedure after the barrier layer is formed. Once crit- 
ical particles, that deteriorate the electrical property, are 
detected, a rework procedure is performed to reform an- 
other barrier layer. Please refer to Fig. 7. Fig. 7 is a flow 
chart of a method for forming a barrier layer according to 
the present invention. As shown in Fig. 7, the method in- 
cludes following steps: 100: forming a barrier layer onto 
the surface of the substrate;110: performing an examina- 
tion procedure, and then execute step 120 if the barrier 
layer includes particles that influence the electrical prop- 
erty, otherwise execute step 130; 120: performing a re- 
work procedure to remove the barrier layer and to reform 
another barrier layer; and 130: performing the following 
processes for forming the bit line plug. 

[0024] Experimental results show that the number of the parti- 
cles of the new barrier layer is dramatically reduced. Con- 



sequently, the rework procedure of the present invention 
is useful to improve the yield. It is worth noticing that the 
present invention is not limited to form the Ti/TiN film 
that serves as an interface between the landing pad and 
the bit line plug. The present invention can apply to the 
barrier layer with different materials, such as tungsten sil- 
icon, or any other barrier layer processes that require 
higher electrical property, such as a metal contact pro- 
cess, an interconnect process, and a dual damascene pro- 
cess. On condition that the conducting layer (a polysilicon 
layer, a metal layer, or a silicide layer) is not damaged, the 
rework procedure can be performed to form a new barrier 
layer onto the conducting layer. 

[0025] | n contrast with the prior art, the present invention per- 
forms an examination procedure to detect if particles ex- 
ist in the barrier layer, and executes a rework procedure 
to reform a new barrier layer. In such case, the barrier 
layer has better conductivity and the yield is improved. 

[0026] Those skilled in the art will readily appreciate that numer- 
ous modifications and alterations of the device may be 
made without departing from the scope of the present in- 
vention. Accordingly, the above disclosure should be con- 
strued as limited only by the metes and bounds of the ap- 



pended claims. 



